To determine whether visceral fat reduction in connection with bariatric surgery could improve weight loss and metabolic profile of obese subjects. PATIENTS AND METHODS: In a one-center, randomized and controlled pilot trial we assigned 50 subjects with severe obesity (body mass index >35 kg=m 2 ) to either adjustable gastric banding (AGB) alone (11 men and 14 women), or AGB plus surgical removal of the total greater omentum (11 men and 14 women). The patients were followed at regular intervals for 2 y and examined at 0 and 24 months with respect to body composition and metabolic profile. RESULTS: No significant differences between control and omentectomized patients were observed at baseline. The removed greater omentum constituted 0.8 AE 0.4% (mean AE s.d.) of total body fat. At 2 y follow-up there was an expected decrease in body weight and an improvement in metabolic profile in both groups. Although omentectomized subjects tended to lose more weight than control subjects the difference was not statistically significant and changes in waist-to-hip ratio and saggital diameter did not differ between groups. However, the improvements in oral glucose tolerance, insulin sensitivity and fasting plasma glucose and insulin were 2 -3 times greater in omentectomized as compared to control subjects (P from 0.009 to 0.04), which was statistically independent of the loss in body mass index. No differences in blood lipids between the groups were recorded. No adverse effects related to omentectomy were observed. CONCLUSIONS: Omentectomy, when performed together with AGB, has significant positive and long-term effects on the glucose and insulin metabolic profiles in obese subjects.
Introduction
Obesity is a major health problem in many countries. In the United States, for example, the prevalence of obesity has increased by 50% during the last decade. 1 Obesity has a number of adverse effects on the health outcome, including an increased risk of various atherosclerosis-promoting disorders. However, it is not only the increase in total fat mass that predicts an adverse health profile. A number of epidemiological observations suggest that accumulation of visceral adipose tissue is an independent risk factor for the adverse outcomes of obesity, in particular dyslipidemia, hyperinsulinemia, glucose intolerance, insulin resistance and coagulation abnormalities. 2 -4 Furthermore, there is some indirect evidence suggesting that a selective reduction in visceral fat improves the metabolic profile. 5, 6 It is likely that some of the intrinsic properties of visceral adipose tissue make this fat depot particularly pernicious. 7 Visceral fat as distinct from other adipose regions is drained by the portal vein and therefore has a unique direct connection with the liver. The lipolytic activity is higher in visceral fat than in other adipose regions, which results in an elevation of 'portal' fatty acids (an end-product of lipolysis). Fatty acids influence liver production of glucose and triglycerides and the clearance of insulin by the liver. So, in obesity there is an increased delivery of fatty acids to the liver due to a combination of high lipolytic activity in visceral fat and an expansion of this adipose depot. This in turn has a number of adverse consequences for the liver resulting in hyperglycemia, hyperinsulinemia, insulin resistance and dyslipidemia. 8 Furthermore, the recently discovered and potentially important protein secretory function of adipose tissue, such as the release of leptin and plasminogen activator inhibitor-1 (PAI-1), is subject to regional variations. 7, 9 It is possible that visceral fat produces yet undiscovered proteins that might disturb the liver when the visceral fat depot expands during development of obesity.
We undertook a pilot study, which was performed in a randomized, controlled, long-term fashion to investigate the effects of visceral fat resection in obese subjects when performed in connection with bariatric surgery. Our hypothesis was that, under such conditions, removal of visceral fat might have additional important effects on metabolic profile and body weight. Visceral fat is made up of both the greater omentum and the mesenteric fat depot. The latter adipose region cannot be surgically removed without the risk of major peri-and post-operative complications. In contrast, because of its anatomical localization, the whole greater omentum can easily be removed surgically. No data on omentectomy have been reported previously. We obtained ethical permission to perform omentectomy in connection with adjustable gastric binding (AGB) on a limited number of severely obese patients of both gender. They and their obese controls (only treated with AGB) were followed for 2 y and the body composition and metabolic profile were assessed.
Methods

Study design
The patients (age 23 -57 y) were admitted to our department for surgical treatment of severe obesity (body mass index, BMI >35 kg=m 2 ). We excluded patients who were treated for diabetes mellitus. Patients who had a suspected (untreated) diabetes on the basis of results from baseline examinations remained in the study but they received no specific antidiabetic therapy. Hypertensive patients on metabolically active drugs (ie beta-blockers or saluretics) were also excluded. All hypertensive patients included remained on their initial pharmacotherapy throughout the study. The women enrolled who were receiving sex hormone therapy did not change their therapy during the study.
After eligibility was evaluated, the patients were stratified according to gender, BMI and age and then randomly assigned to one of two groups. Control patients underwent only AGB while omentectomized patients underwent AGB plus surgical removal of as much as possible of the greater omentum. Eleven men and 14 women constituted the former group and 11 men and 14 women constituted the latter. All patients were stratified, randomized and operated on by AT or GH. None of the subjects refused randomization. The abdomen was entered through an upper midline incision during general anesthesia. A 32F gastric tube was placed along the lesser curvature of the stomach and a channel was developed by blind finger dissection behind the gastric cardiac. The lesser abdominal sac was never entered and an adjustable gastric band (Swedish Adjustable Gastric Band 1 , Obtech AB, Stockholm, Sweden) was placed in the channel. It was locked around the uppermost part of the stomach with non-absorbable sutures. The anterior gastric wall, distal to the band, was folded over the band and sutured to the upper gastric pouch. This pouch thus became very small and in no case exceeded 20 ml. A subcutaneous injection-port was placed on the lower sternum, sutured to the periosternum and connected to the adjustable band. The gastric tube was removed at the end of the operation. Prophylatic antibiotics and low-molecular weight heparin were always given. The band was left empty during the first month after surgery. The patients were put on liquid diet for one month followed by gradual introduction of solid food. It was technically possible to resect essentially all of the greater omentum in all assigned subjects. Omentectomy was performed immediately after the abdomen was entered.
All patients were followed at the out-patient department according to the clinical routine 1, 2, 3, 6, 9, 12, 18 and 24 months post-operatively by a trained obesity nurse (who was blind to the surgical procedure) in addition to their visits at the research laboratory where they were examined by a research nurse. The routine follow-ups included regular controls of body weight, blood chemistry and clinical examination. These controls usually included gradual filling of the adjustable band with a radiology contrast medium (Iopamiro 1 , Astra Zeneca AB, Södertälje, Sweden) through the presternal injection-port. The filling volume was dependent on weight changes and clinical factors relating to food intake. The filling volume was recorded at each investigation.
The study was approved by the Huddinge Hospital committee on ethics. Because the long-and short-terms side effects of selective omentectomy were unknown before the study, the ethical committee only allowed the inclusion of a limited number of subjects and it also allowed us to perform omentectomy only in addition to bariatric surgery.
Clinical parameters
All patients were examined at the research laboratory before and at 3, 6, 12 and 24 months following surgery. The investigations were performed at about 8 am following an overnight fast. Body weight, saggital diameter and waist-tohip ratio (WHR) were determined. WHR was measured in the supine position. The saggital diameter was obtained by measuring the distance from the examination table to a horizontal crossbar placed over the abdomen of the recumbent subject at the crista level. Waist circumference was measured in the middle between the lower costal rib and the upper pelvis rim. The largest hip circumference was used. At all visits an antecubital venous blood sample was obtained
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The following examinations were made before and at 24 months following surgery: leptin (on plasma frozen at 770 C) and PAI-1 enzymatic activity (on fresh plasma) were measured using the venous blood sample. On separate occasions they underwent a 75 g oral glucose load and an intravenous insulin tolerance test. The insulin tolerance test was performed as described earlier. 10 Crystalline insulin (Actrapid 1 , Novo Nordisk, Gentofte, Denmark) was rapidly injected intravenously (0.1 units=kg body weight) and plasma glucose determined at 0, 2, 4, 6, 8, 10, 12, 14 and 16 min. Thereafter, intravenous glucose was given. Plasma catecholamines were determined at 0 and 16 min. In no situation was there a significant difference ( >20%) in catecholamine levels at these two time points. Insulin sensitivity was measured as the slope (K itt ) of the fall in plasma glucose from 4 to 16 min. Several studies have shown that K itt is reproducible and has a close correlation with other tests of insulin sensitivity in lean, obese, diabetic or non-diabetic subjects.
-15
Laboratory procedures Plasma noradrenaline, adrenaline, glucose, total cholesterol, HDL-cholesterol and triglycerides were measured by the Huddinge Hospital routine chemistry accredited laboratory. Plasma insulin was measured by a radioimmunoassay kit (Amersham-Pharmacia, Uppsala, Sweden). Plasma leptin was measured with a radioimmuno assay and PAI-1 as enzyme activity as described. 16, 17 Statistical analysis Values are expressed as means AE s.d. except for AE s.e. in figures. Values for plasma triglycerides were log-transformed before statistical comparison. Student's unpaired t-test, analysis of variance (co-variance analysis and repeated measure analysis) and chi-square analysis were used to compare values between groups. All tests were two-sided. P 0.05 was considered to be statistically significant. Intention-totreat analysis was performed according to the method of lastvalue-recorded carried forward.
Results
Drop-out of study patients and complications There were no perioperative or post-operative complications related to omentectomy, such as local bleeding or thromboembolism. Thirteen patients (26%) discontinued at various times during the study either due to refusal to continue to participate, or not showing up on planned visits. Because oral glucose tolerance, K itt , PAI-1 and leptin were only measured before and 24 months after surgery it was not possible to perform intention to treat analysis on these values. Subjects remaining in or dropping out from the study were equally distributed among the omentectomy (n ¼ 6) and control (n ¼ 7) groups. Late complications occurred in three subjects (infection or re-operation because of band dysfunction). One woman became pregnant during the course of investigation. There was no evidence of disturbances related to omentectomy such as bleeding, infection or intestinal obstruction. This is also true for 11 subjects who have now been followed by us for as long as 4 y. Thirtyseven patients completed the study and could be investigated at the 2 y follow-up. Of these remaining subjects, 18 were controls and 19 had undergone omentectomy.
Baseline characteristics
The baseline characteristics of all subjects and those completing the study are shown in Table 1 . No significant Omentectomy in obesity A Thörne et al differences between the groups were observed at baseline. Nineteen patients had pathological glucose tolerance at the start of the study (plasma glucose value >7.8 mmol=l at 2 h). These patients were evenly distributed among the groups and three control subjects and four omentectomized subjects had a diabetic glucose value ( >11.1 mmol=l). Four patients (two controls and two omentectomized patients) had essential hypertension (treated with calcium blockers or angiotensin converting enzyme inhibitors). One woman in the omentectomy group and one in the control group were postmenopausal. We also made a separate analysis of the baseline characteristics of the 13 subjects who dropped out of the study. This cohort showed the same pattern of baseline characteristics as the 37 subjects who completed the study.
In all cases more than 90% of the visible omentum majus was resected and the weight of the removed omentum was 0.6 AE 0.3 kg. It constituted 0.8 AE 0.4% of the total fat mass.
Anthropometric measurements
In the two study groups AGB was followed-up by a decline in BMI. However, at 2 y follow-up the net fall in BMI in the omentectomized group was almost 4 kg=m 2 larger than in the control group (P < 0.05, Table 2 ). However, intention-totreat analysis showed no significant difference between groups in loss of BMI (Table 3) .
As regards body weight it tended to decrease more in the omentectomy group but the difference from the control group was only of border-line significance when analyzed on those completing the study (Table 2 ) or according to intention-to-treat (Table 3) . WHR decreased following surgery but there was no significant effect of omentectomy when data obtained at 2 y follow-up (Table 2) or when intention-to-treat analysis was performed (values not shown). The same was true for saggital diameter.
We also analyzed the time courses of changes in BMI at 0, 3, 6, 12 and 24 months by repeated measure analysis of variance. There was no significant deviation between omentectomized subjects and controls in BMI (P ¼ 0.18).
Metabolic profiles
Values at the 2 y follow-up (change from baseline) are shown in Table 2 . In both groups the plasma levels of glucose, insulin, triglycerides, PAI-1 and leptin had decreased and that of HDL-cholesterol had increased at the 2 y follow-up. No additional effects of omentectomy were observed in the changes in plasma lipids, leptin and PAI-1. However, the fall in plasma insulin (P < 0.01) and plasma glucose (P < 0.05) was about two-fold greater in omentectomized subjects than in control patients. This difference between control and omentectomized patients remained statistically significant in the intention-to-treat analysis (Table 3) .
In both groups there was a decline in the 2 h plasma glucose value following an oral glucose load at the 2 y follow-up. The almost three-fold difference between the groups regarding the absolute values for decrease in 2 h plasma glucose only reached a borderline significant level.
Insulin tolerance had improved significantly in both groups at the 2 y follow-up. The improvement in insulin tolerance was two-fold greater in the omentectomy group compared with the control group (P ¼ 0.02).
In order to co-investigate the changes in BMI and metabolic profiles at 2 y follow-up an analysis of co-variance was performed. When corrected for changes in BMI the effect of omentectomy on insulin tolerance and fasting plasma glucose and insulin remained significant (P from 0.01 to 0.04). Furthermore, the difference between the groups in the decline of 2 h plasma glucose became significant after correction for BMI changes (P ¼ 0.045).
We also analyzed the time-course of the changes in plasma glucose and insulin (Figure 1 ). For both parameters there was a significant effect over time induced by omentectomy. The more marked decrease of glucose and insulin in the omentectomy group was already apparent at 6 months following surgery. Omentectomy in obesity A Thörne et al
Filling of the gastric band
As regards filling volume of the adjustable band, the values did not at any time differ significantly between the two groups. At 2 y follow-up the total filling volume (ml) was 9.2 AE 1.7 in the control and 9.3 AE 1.9 m in omentectomized patients.
Blood pressure
Since patients treated for hypertension were included in the study we were unable to perform detailed analysis of blood pressure. However, in the whole material systolic and diastolic blood pressures were 139 AE 19 and 83 AE 10 mmHg, respectively, at baseline. At the 2 y follow-up the values had decreased by 10 and 2 mmHg, respectively, (P ¼ 0.002 and P ¼ 0.02, respectively) by Student's paired t-test.
Discussion
Omentectomy is a novel additional treatment to the conventional bariatric obesity surgery. This prospective, gender stratified and randomized pilot study shows significant longterm effects of omentectomy on metabolic profile, when performed in combination with AGB in severely obese patients. About 25% of the patients did not complete the study and could therefore not be used in the 2 y follow-up analysis. However, all available patients were used in the analysis of body composition and plasma insulin and glucose (ie intention-to-treat). The present drop-out frequency was similar to values reported in other Scandinavian longterm studies on bariatric surgery where a less complicated experimental protocol was used. Between approximately 20 and 40% of patients had been lost at the 2 y follow-up. 18, 19 We do not believe that the lack of data from patients dropping out had an important bearing on our findings. There were no important initial differences between those patients who remained in or left the study and patients dropping out were equally distributed between the two groups.
The fall in body weight was of the expected order of magnitude as judged by earlier results of bariatric surgery. 18, 19 Although, those undergoing AGB and omentectomy tended to lose more in BMI and body weight than those treated with AGB alone, the difference was not significant when intention-to-treat analysis was performed or when the time course of the changes were compared. There was also no difference between groups in changes of body fat distribution following surgery as judged by the results with WHR and saggital diameter. It is unlikely that the omentectomized patients tended to lose more weight than the controls because of differences in post-operative procedures. The filling of the adjustable band was almost identical in the two groups.
A striking finding seen in the current study was the effect on metabolic profile. It is well established that insulin resistance, glucose intolerance and hyperinsulinemia are often observed in obese subjects. 20 -22 The relationship between impaired metabolic profile and overweight appears particularly strong in visceral obesity. 20, 21 We used a simple test of insulin sensitivity, the intravenous insulin tolerance test. However, it correlates well with the 'gold standard' test, which is hyperinsulinemic euglycemic clamp, and can be used on diabetic and obese subjects. 14, 15, 23 Insulin sensitivity improved in both groups at the 2 y follow-up but the change was two-fold greater in the omentectomized compared with the control patients. In the whole material we also observed a decline in fasting plasma levels of glucose and insulin and oral glucose tolerance. However, these improvements were two to three times greater in omentectomized patients than in controls. On the other hand, there was no apparent effect of omentectomy on blood lipids or PAI-1. So when omentectomy is performed together with AGB it seems above all to improve the glucose -insulin profile.
Could removal of the greater omentum have long-term undesirable effects? The tissue may have many other functions including preventing intra-abdominal infection. In order to answer this question in full it is probably necessary to have clinical experience from a large group of patients. Omentectomy in obesity A Thörne et al However, no peri-operative or post-operative problems related to omentectomy were recorded such as local bleeding or thromboembolism. Furthermore, there was no evidence of late complications such as infection, intestinal obstruction or other problems related to intra-abdominal tissue adhesions during the study. This is true for 11 of the omentectomized subjects who have been followed for 4 y.
It remains to be established how a removal of a small fat depot (on average < 1 kg) can cause a marked additional improvement of the metabolic profile. However, it is possible that factors related to the unique anatomy and function of visceral fat could be of importance. 7, 24 In particular, a decreased delivery of fatty acids to the liver through the portal vein caused by omentectomy could be beneficial for circulating glucose and insulin. In this respect it is relevant to note that selective reduction of the visceral fat depot improves metabolism and liver function of male rats. 25 It is also possible that synergistic effects between omentectomy and weight loss induced by AGB can occur. It is possible, though, that omentectomy has effects independent of weight loss. Plasma insulin and glucose started to fall more rapidly in omenectomized subjects at 6 months following surgery, whereas the time course of the drop in BMI and body weight did not differ significantly between the groups. This question can only be fully answered if omentectomy is done without weight reduction surgery. In a recent study it was found that liposuction of subcutaneous fat, without a change in diet or lifestyle, improves insulin sensitivity. 26 Unfortunately, it was not for ethical reasons possible to just perform omentectomy on our obese subjects. Nevertheless, it is a major clinical advantage that omentectomy not only may cause some additional weight loss to AGB but also leads to improvement of metabolic profile.
In this study both men and women were included and it has been suggested that men and women may respond differently to weight reduction. 27 However, the number of subjects was too small to allow a reliable comparison of male and female subgroups. Furthermore, we had no prior hypothesis that omentectomy would have a different effect on women compared with men and the proportion of men vs women was similar among the initially recruited and those who remaining at 2 y follow-up.
The procedure for surgical removal of the greater omentum was by open surgery. Most gastric banding is currently performed laparoscopically. Since the greater omentum is relatively small, even in obese subjects, it might in the future be possible to use modified laparoscopic procedures to remove this tissue. Because the procedure is easy and appears to be very effective in selected cases we suggest that omentectomy should be further evaluated as an additional therapy to weight reduction surgery in obese subjects, particularly in those who are insulin resistant. We admit that this recommendation is based on a first pilot study.
In summary, this pilot study demonstrates the benefit of omentectomy to add to weight reduction surgery in obese subjects. This procedure improves the long-term insulinglucose profile and may also cause some additional weight loss.
